Vancomycin-resistant enterococci (VRE) may be spread within a hospital via the contaminated hands of the healthcare worker. Effective hand disinfectants are necessary to break chains of transmission. We determined the bactericidal activity of 1-propanol, chlorhexidine digluconate (0·5 and 4%). Sterillium ® (45% 2-propanol, 30% 1-propanol and 0·2% mecetronium etilsulphate), Skinsept F® (70% 2-propanol, 0·5% chlorhexidine digluconate and 0·45% hygrogen peroxide) and Hibisol® (70% 2-propanol and 0·5% chlorhexidine gluconate) against 11 clonally distinct enterococcal isolates in a quantitative suspension test. Four isolates were vancomycin susceptible, four were vanA and the remainder vanB positive. Eight isolates were identified as Enterococcus faecium, two as Enterococcus faecalis and one as Enterococcus gallinarum. The investigator was blinded to the species and the genotype. Four parallel experiments were carried out for each isolate, each preparation, each dilution and each reaction time. 1-Propanol (60%), Sterillium, Skinsept F and Hibisol were all highly bactericidal after 15 and 30 s against VRE and vancomycin-susceptible enterococci (VSE) with reduction factors (RF) > 6·4, even in dilution of 50% (v/v). No significant difference was observed between vanA isolates, vanB isolates and VSE. Chlorhexidine digluconate (0.5% and 4%) was found to be less bactericidal after 30, 60 and 300 sec (RF ≤ 2·5). The vanB genotype isolates were found to be significantly more susceptible to chlorhexidine (0·5%) than the vanA isolates (60 sec; one-way ANOVA model; P = 0·05). After 300 sec the vanB genotype isolates were found to be significantly more susceptible to chlorhexidine (0·5%) than the other two genotype isolates (P = 0·016). The vanA isolates were found to be significantly more suscpetible to chlorhexidine (4%) than the vanB isolates (300 s; P = 0·024). E. faecium was found to be less susceptible to chlorhexidine than E. faecalis at all concentrations and reaction times, but significant differences between RF were only observed at 60 sec for both chlorhexidine concentrations (P < 0·05; t-test for independent samples). Propanol is much more effective against enterococci than chlorhexidine and combination of the two may be useful in providing an immediate and long lasting effect.
Prevention (CDC) the proportion of vancomycin-resistance among, clinically significant enterococcal isolates in US hospitals, has increased from 0·3% in 1989 to 7·9% in 1993. 8 Treatment of infections with VRE is difficult due to the limited therapeutic options, 9 and contamination of the environment with VRE may occur during an outbreak resulting in contamination of the hands of healthcare workers and requiring surface disinfection. 10, 11 It has been suggested that person-to-person transmission is a common way of transmission in hospital outbreaks. 5 The hands of the hospital personnel probably play the major role in transmission 12, 13 and may be colonized for up to 1 h 14 either by direct or indirect contact or even via glove leaks. 15 The use of antiseptic soap, or waterless antiseptic agents, has been suggested as a way of breaking this transmission before leaving the room of a patient who is infected or colonized with VRE. 15 Some antibiotic-resistant bacteria have been described as less susceptible to disinfectants 16 and this association was mainly found in Gram-negative bacteria, e.g. Pseudomonas aeruginosa, 17 Providencia stuartii 18 or Proteus mirabilis. 19 In Gram-positive bacteria, however, this association is less obvious. 1-Propanol was found to be almost equally effective against methicillin-resistant (MRSA) and susceptible Staphylococcus aureus 20 whereas chlorhexidine was found to be less effective against MRSA. 21 The aim of this study was therefore to investigate the bactericidal activity of 1-propanol, chlorhexidine and various commercially available hand disinfectants against both VRE and vancomycin-susceptible enterococci (VSE).
Methods

Test organisms and culture conditions
Eleven enterococcal strains, isolated from clinical and surveillance specimens, were included in the study. Eight of them were identified as Enterococcus faecium, two were Enterococcus faecalis and one was Enterococcus gallinarum. Four isolates were vancomycin-susceptible (VSE) and seven were vancomycin-resistant (vanA: N = 4; vanB: N = 3). The van-genes were determined by polymerase chain reaction as described by Dukta-Malen et al. 22 All 11 isolates represented distinct clones according to the criteria of Tenover et al. as shown by PFGE (SmaI digest). 23 They were stored at -70°C in glycerol broth, passaged three times (37°C for 24 h) on blood agar before experiments were carried out and are further characterized in Table I .
Disinfectants and neutralization
Two chemicals (1-propanol, chlorhexidine digluconate) and three commercially available hand disinfectants (Sterillium, Skinsept F, Hibisol) were investigated. 1-Propanol was purchased from Merck, Darmstadt, Germany (purity: > 99%; product number 100996). Chlorhexidine Effective neutralization of residual microbiocidal activity of an active ingredient is essential. Insufficient neutralization may result in false high reduction factors indicating a microbiocidal activity which is partly due to residual activity. 1-Propanol (60%) was neutralized by a 1:10 dilution (first step of the serial dilution). Diluted 1-propanol (6%) did not significantly reduce the bacterial concentration in comparison to water of standard hardness after 1 h as demonstrated in six parallel experiments (P = 0·935; t-test for independent samples, twotailed). Chlorhexidine digluconate and the other disinfectants were inactivated by a combination of Tween 80 (3%), cysteine (0·1%), histidine (0·1%) and saponin (3%). This combination did not reduce the viability of E. faecium ATCC 6057 significantly even after 1 h and was shown to be most effective for all disinfectants in comparison to two other combinations as demonstrated by six parallel experiments for each disinfectant.
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Concentration of the disinfectant and reaction times
1-Propanol is the reference compound at a concentration of 60% (v/v) for testing hand disinfectants according to the guidelines of the German Society for Hygiene and Microbiology and was tested at 60% and 30% (v/v). Chlorhexidine digluconate is the only bactericidal compound in many hand scrubs (e.g. Hibiscrub) at 4% (w/v) or is a bactericidal supplement in liquid hand disinfectants (e.g. Hibisol or Skinsept F) at 0·5% (w/v) and was therefore tested at 4% and 0·5%. Sterillium, Skinsept F and Hibisol were tested undiluted (100%) and diluted (50%, v/v).
Reaction times for 1-propanol and the commercially available hand disinfectants were 15 sec and 30 sec. Chlorhexidine digluconate was tested at 30 sec, 60 sec and 300 sec.
Four parallel experiments were carried out for each isolate, each disinfectant, each dilution and each reaction time. The investigator was blinded to vancomycin resistance and the species.
Quantitative suspension test
To determine the bactericidal activity of the disinfectants, the quantitative suspension test was carried out according to the guidelines of the German Society for Hygiene and Microbiology. 25 0·1 mL of an overnight culture (tryptic-soy broth) was transferred to a reaction tube containing 9·9 mL of the disinfectant. The size of the inoculum was 1·13 × 10 9 mL cfu (range: 3·4 × 10 ). After the reaction time, four 10-fold dilutions were made into tubes containing sodium chloride (0·85%), tryptone (0·1%) and the neutralizing agents. 24 Two aliquots of 0·1 mL were transferred from each tube to trypticsoy agar plates and distributed on the agar surface with a sterile glass spatula. Plates were incubated at 37°C for 48 h. Colonies were counted from all plates and the mean calculated for each experiment. Each experiment was accompanied by a water control without the disinfectant. No significant drop in the viability occurred in the water control even after 5 min for all three species. To extend the limit of detection, membrane filtration was carried out when no colonies were detected on any of the agar plates from the serial dilution. The contents of the first tube of the dilution series and the entire contents of the reaction tubes after neutralization with 90 mL of the neutralization fluid were filtered. Cellulose nitrate membranes with a pore size of 0·45 µm (Sartorius AG, Göttingen, Germany) were placed aseptically on to trypticsoy agar plates and incubated at 37°C for 48 h. Colony counts were determined from each membrane.
Statistical analysis
For all experiments, the total number of bacteria (N) in the reaction tube (maximum: 10 8 ) was calculated from the number of surviving organisms. If no colonies were detected by membrane filtration, the true number of bacterial survivors was beyond the limit of detection. For the calculation of the bactericidal activity one colony was then assumed to be present on the membrane (minimum: 10°). Reduction factors (RF) were calculated using the following formula: 25 RF = log 10 n (control) -log 10 n (disinfectant).
Significance of differences in RF between the three susceptibility types of enterococci (vanA, vanB, and VSE) was determined by a one-way analysis of variances (ANOVA model; SPSS for Windows; SPSS Inc., Chicago, III.). If required, a post-hoc analysis was performed using a least significant differences adjustment of P-values. Differences in RF between species were only calculated for E. faecium and E. faecalis using the t-test for independent samples. A parametric test was used because data were assumed to show normal distribution although only two strains of E. faecalis were analysed.
The tests were performed two-tailed and P-values < 0·05 were regarded as significant.
Results
Hand disinfectants based on alcohol 1-Propanol (60%) and Sterillium were found to be highly bactericidal against all enterococci in standard strength and in dilution (50%). RF > 6·4 were found after 15 sec and 30 sec with most colony counts being beyond the limit of detection (Table II) . No significant differences were found between the resistance genotypes. Skinsept F and Hibisol contain 0·5% chlorhexidine in addition to propanol and were found to 146 G. Kampf et al. be highly bactericidal in standard strength (100%) and in dilution (50%). RF > 7·6 were observed after 15 sec and 30 sec (Table II) . In all experiments the colony counts were beyond the limit of detection. No significant difference was found between the genotypes.
Table II Bactericidal action of two alcohol preparations (1-propanol and Sterillium) and two alcohol preparations supplemented with chlorhexidine (Skinsept F and Hibisol) against vancomycin-resistant (vanA and vanB) and -susceptible enterococci (VSE); mimimum value of 16 (vanA and VSE, respectively) and 12 (vanB) logarithmic reduction factors (RF).
Disinfectant
Chlorhexidine
At a concentration of 0·5%, chlorhexidine showed little bactericidal activity against enterococci (RF < 1·4) even after 5 min (Table III) . The one-way ANOVA model revealed significant differences in RF between isolates of different susceptibility types at 60 sec (P = 0·050; vanB isolates significantly more susceptible to chlorhexidine than vanA isolates) and 300 sec (P = 0·016; vanA and vanB isolates significantly more susceptible than VSE). At 4%, chlorhexidine was more effective against enterococci with mean RF of up to 2·44. After 300 sec significant differences between the genotypes were detected (P = 0·024) with the vanA isolates being more susceptible than the vanB isolates.
To analyse the further influence of the species (E. faecium and E. faecalis), median RF were compared for each concentration and reaction time (Table IV) . E. faecium was found to be less susceptible to chlorhexidine than E. faecalis at all concentrations and reaction times, but significant differences of RF were only observed at 60 sec for both chlorhexidine concentrations (P < 0·05).
Discussion
VRE may be transmitted in the hospital via the transiently contaminated hands of the nursing and medical staff. Hands may be contaminated from contact with patients or with contaminated surfaces because, VRE are known to tolerate heat and sodium hypochlorite indicating the potential of the organism to survive in the environment. 26, 27 In order to prevent transmission within a hospital, effective hand disinfectants 
Mean of RF
are necessary. 28 Although there is no general association between resistance to antibiotics and disinfectants, 29 some disinfectants are known to be less effective against antibiotic resistant bacteria. 21 In this in-vitro study we found 1-propanol, and three preparations based on propanol, highly effective against VRE after only 15 sec (RF > 6·4; Table II ). Similar results have been obtained with other emerging pathogens, e.g., MRSA. 20, 21 Alcohols primarily impair the integrity of the cell membrane resulting in leakage 30 and are therefore not prone to impaired efficacy against antibiotic resistant bacteria. Hand disinfection based on alcohol is therefore most likely to be effective in breaking chains of transmission.
Chlorhexidine alone did not show sufficient RF against enterococci even after 5 min irrespective of the type of glycopeptide resistance (RF < 2·5). For hand antisepsis chlorhexidine containing soaps are used in the United States and various European countries. It has been suggested that antiseptic soaps or waterless antiseptic agents should be used, before leaving the room of a patient who is infected or colonized with VRE. 15 Our data strongly indicate that as the only antibacterial agent (e.g., in a soap) chlorhexidine may not be sufficient to eradicate enterococci, in comparison to preparations based on propanol. Effective neutralization of chlorhexidine is crucial and is may be the most important bias with in-vitro and in-vivo testing of chlorhexidine based disinfectants. 24 Bactericidal activity per se has been excluded for each of the neutralizing agents and their combinations. 24 Although a minor synergistic bactericidal effect of the neutralizers in combination with chlorhexidine cannot entirely be excluded it is rather unlikely that is had a major impact on the RF.
Similar results with chlorhexidine were obtained with MRSA where a diluted preparation (50%) based on chlorhexidine (4%) revealed a mean RF of 1·93 after 30 sec, 21 but another preparation based on propanol showed RF > 6·5 after only 15 sec. 20 The efficacy of preparations based on propanol for decontaminating hands from multiresistant bacteria is therefore superior to chlorhexidine containing soaps.
The bactericidal activity of 1-propanol and all other alcoholic hand disinfectants was too high for further analyses. Only chlorhexidine offered the opportunity to analyse the impact of the glycopeptide resistance and the species on the RF. Differences in species was found to have a consistent, and at 60 sec, even significant impact on RF with E. faecium being less susceptible to chlorhexidine than E. faecalis. The glycopeptide resistance, however, did not reveal a consistant pattern of impact on the RF suggesting that this property has no major influence on the efficacy of chlorhexidine on enterococci. A possible interaction between the species and the resistance genotype could not be tested because of a missing combination of species and genotype (E. faecalis and vanA). This finding is supported by a study on the efficacy of environmental disinfectants on enterococci in which vancomycin resistance was found to have no significant impact on the bactericidal activity of environmental disinfectants in enterococci. 31 In contrast E. faecium is known to be resistant to a variety of antibiotics whereas E. faecalis may be susceptible to antibiotics such as ampicillin or other β-lactam compounds. 32 This underlines the finding that among Gram-positive cocci the correlation between resistance to antibiotics does not correlate as well with a reduced susceptibility to disinfectants as it does among Gram-negative rods. Impaired susceptibility to chlorhexidine in S. aureus has been explained by the presence of the pSAJ1 plasmid encoding for resistance to kanamycin, gentamicin, tobramycin, amikacin, benzalkonium chloride, acriflavin and ethidium bromide. 33 Stickler et al. suggested that resistance to chlorhexidine may be due to the outer layers of the cell walls in Proteus, Pseudomonas or Providencia spp leading to restricted antiseptic access to its target site of the cytoplasmic membrane. 34 In Serratia marcescens, resistance to chlorhexidine has been associated with changes of the inner membrane. 35 In other species plasmids were not found to be responsible for resistance to multiple disinfectants. 36 The mechanism of resistance against disinfectants in enterococci must therefore be further investigated with especial reference to species differences.
In summary, use of alcohol and chlorhexidine has been suggested to be the most effective combination in order to achieve both a rapid and residual effect. 37 Although broad recommendations cannot be drawn from a study on 11 clinical isolates, in-vitro studies are but one way to demonstrate effectiveness of hand disinfectants. Nevertheless this data strongly suggest the use of alcohol or alcoholic solutions with or without chlorhexidine for hand disinfection when contamination with VRE or VSE is suspected.
